A 
Introduction

Model description
We use a coupled atmosphere-ocean-sea ice model of intermediate complexity ]. ].
We have integrated the model towards a quasi stationary steady state in which the solar forcing has been kept constant (apart from the seasonal cycle). The internal variability is analysed from a 2000-yr control simulation. The variability of the annual mean SAT in the tropics is largely underestimated due to the quasigeostrophic dynamics. In the extratropics the spatial pattern of this variability compares rather well with observations, although the amplitude is on the average a factor of 2 too small.
In the remainder we will confine ourselves to the extratropics. Wherever we discuss globally averaged quantities we have computed averages over the area poleward from 22.5 degrees latitude.
Results
In order to evaluate the model's sensitivity to a variable solar forcing we calculated the response to an es- A new and unexpected feature arises when the model is weakly forced (0.5 Wm -•') with periods of 11 and 22 years. A significant peak in GM-SAT is excited with a period of about 70 years (Fig. 2a) . We have isolated the 70-yr oscillation from the timeseries and reconstructed the associated patterns with a Singular Spectrum Analysis. The associated patterns of SST and sea-ice distribution show a signal confined to the Ross Sea, indicating a local coupling between sea-ice, convective overturning and SST. The associated SAT response consists of a Rossby wave train with standing components which are resonantly amplified by the large-scale land-sea distribution. As this wavy-signal is more strongly damped over the oceans than over land it contributes to the GM-SAT. The time series for the isolated 70-yr oscillation in both SAT, SST and sea-ice distribution are very well correlated (Fig. 2b) . [Jacobs and Giulivi, 1998 ] document oscillatory behavior of the Ross Sea ice coverage.
The role of internal variability is different on the regional-scale. With a variable solar forcing the dominant patterns of atmospheric variability do not change and neither does their associated variance. The spectra, however, are sensitive. The robustness of the patterns implies that at a particular location the variance in SAT associated with the solar forcing is only a small part of the total variabilityß When averaging over a larger domain, the contribution of the internal variability to the variance in SAT decreases, while these patterns primarily redistribute heat. A contribution to the G M-SAT remains, as the dominant patterns redistribute heat between ocean and land, and the anomalies above the ocean are more strongly damped than those over land. As a result, that part of the internal variability that optimally correlates with GM-SAT can be described as a Cold Ocean Warm Land pattern [Wallace et al., 1995] and its reverse. [Hurrell, 1996] showed that the correlation between the internal variability and the hemispherically averaged SAT is larger in the winter hemisphere. In winter, the internal variability is strong and the solar forcing is weak. Averaged over the year the contribution of the internal variability to the GM-SAT appears to be less important than the response to solar forcing which is much more homogeneous and single-signed.
The sensitivity of the spectra is associated with multiple timescale interactions between forcing frequency and the internal modes. The coupled mode associated with the North Atlantic Oscillation shows a significant peak at 18 years for SST and SAT. With a variable solar forcing this peak disappears in most runs. Only when the forcing is weak (0.5 Wm -2) and the period short (11-yrs) the mode remains robust (Fig. 3) .
Conclusions
Our results indicate that the response to variable solar forcing will dominate the internal variability in GM-SAT at decadal periods. This is in accordance with analyses of historical records of SST [ •ite et al., 1997] and SAT [Mann et aL, 1998 ]. We have calculated only the direct effect of variable solar insolation. IndireCt forcings due to ozone [Haigh, 1996] 
